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Background: Instrumentation of the root surface, results in formation of a smear layer of
organic and mineralized debris which serves as a physical barrier, inhibiting new
connective tissue attachment to the root surface. The present study advocates the use of
an endodontic irrigant MTAD (mixture of tetracycline, citric acid and detergent) as a root
conditioning agent.
The main aim of the study was to compare the root conditioning ability of an
endodontic irrigant MTAD (mixture of tetracycline, acid and detergent) with 17% EDTA
(ethylenediaminetetraacetic acid).
Materials and methods: Sixty freshly extracted human single rooted teeth with conﬁrmed
periodontal involvement were selected for this study and decoronated. The apical third of
each root was removed and the remaining root was sectioned longitudinally to produce a
6 mm to 8 mm long tooth section. The root surface was then instrumented by hand using a
sharp Gracey 1–2 periodontal curette with 6–8 strokes per area to achieve a smooth glass-
like surface. A total of 60 specimens were prepared which were randomly divided into
three groups (n¼20). Each group received the root conditioning treatments as follows:
Group A: Control Group: only saline rinsing.
Group B: root conditioning treatment with 17% EDTA for 5 min.
Group C: root conditioning treatment with BioPure MTAD for 5 min.All specimens were prepared for SEM and scored according to the presence of
smear layer.
Results and conclusions: MTAD removed the smear layer successfully from the root surfaces.
The mean smear score for samples treated with Biopure MTAD was lower than those
treated with EDTA, (p¼0.04). MTAD can be used as a root conditioning agent with efﬁcient
smear layer removal ability and known antimicrobial and anticollagenase activity.
& 2014 Published by Elsevier B.V.
S i n g a p o r e D e n t a l J o u r n a l 3 5 ( 2 0 1 4 ) 4 7 – 5 248Introduction
The main aim of periodontal therapy is to achieve predict-
able regeneration of the periodontal tissues in areas pre-
viously affected by disease. Teeth affected by periodontal
disease are exposed to bacterial products from the plaque
and calculus and such teeth become hypermineralized and
contaminated with the endotoxins as well as other toxic
bacterial products [1]. Such a surface does not encourage cell
attachment or migrations which are necessary events for
optimal spontaneous periodontal healing [2]. Decontamina-
tion of these diseased root surfaces is not possible exclu-
sively with mechanical instrumentation (i.e. by scaling and
root planning alone), because it often leads to creation of a
smear layer [3,4]. The smear layer may range in thickness
from 2 to 15 μm and serve as a physical barrier between the
periodontal tissues and the root surface inhibiting new
connective tissue attachment to the root surface [5,6].
Therefore the root surfaces must be devoid of any smear
layer in order to facilitate periodontal healing through
regeneration or new attachment [6]. Conditioning of the
root surface after scaling and root planning with various
acids and chelating agents has been advocated as an
effective procedure for smear layer removal and detoxiﬁca-
tion. Root conditioning with various chemical agents is seen
as an adjunct to mechanical root therapy and has been
performed as early as the latter half of the 19th century. Till
now a variety of chemicals like EDTA, phosphoric acid, citric
acid, and tetracycline have been tested in this direction but
none has come out as a gold standard. Among these chemicals
citric acid and tetracycline HCl have shown to have additional
effect of demineralizing the root surface, removing the smear
layer and exposing collagen matrix of the mineralized radicu-
lar dentin [7,8]. Tetracyclines comprise a broad-spectrum
antimicrobial agent, which is effective against many species
of periodontal pathogens. Besides its antimicrobial effective-
ness, this group of drugs has other special properties which
include its anti-inﬂammatory action, collagenase inhibition,
bone resorption inhibition and its ability to improve ﬁbroblast
attachment. Tetracyclines are still used in association with
bone grafting and as conditioner agents for the root surface,
and they enhance periodontal tissue regeneration [9,10]. The
substantivity of tetracyclines is another important property for
periodontal therapy. This property allows the substance to
afﬁx to a substrate and realize slow release, which is impor-
tant in maintaining the antimicrobial and nonantimicrobial
properties acting on the periodontal tissues for an extended
time, when the drug is locally applied after periodontal
instrumentation [7,10]. Even though some studies have
demonstrated that the use of citric acid as root conditioner
agent is similar to tetracycline [8,11] this substance has no
antimicrobial or anti-inﬂammatory properties [12]. A combina-
tion of citric acid and tetracycline along with a detergent is
found in a present day endodontic irrigant MTAD (mixture of
tetracycline, acid and detergent). The introduction of MTAD by
Torabinejad et al. in 2003 [12] represents an advance in
endodontic irrigation research. The tetracycline present in
MTAD is doxycycline hyclate, acid is citric acid and the
detergent is Tween-80 (polysorbate-80). MTAD has beenreported to remove smear layer effectively, eliminate microbes
that are resistant to conventional endodontic irrigants and
dressings, and provide sustained antimicrobial activity [13–15].
Thus MTAD can be seen as a potential root conditioning and
smear layer removal agent.
The aim of this study was to compare the effectiveness of
root conditioning ability of MTAD to EDTA.Materials and methods
Sixty freshly extracted human single rooted teeth were
selected for this study. The teeth selected were periodontally
involved and showed clinical gingival recession, and loss of
attachment. After extraction the teeth were stored saline
solution to avoid dehydration of the specimens. The present
study involved mainly the use of anterior teeth with majority
of teeth being mandibular incisors and no premolars were
used. All teeth were decoronated with the help of a diamond
disc at high speed under water cooling. The apical third of
each root was removed and the remaining root was sectioned
longitudinally through the root canal to produce a 6 mm to
8 mm long tooth section. All pulpal tissue was thoroughly
removed and an identiﬁcation notch placed on the pulpal
root surface. The root surface was then instrumented by
hand using a sharp Gracey 1–2 periodontal curette with 6–8
strokes per area to achieve a smooth glass-like surface. A
total of 60 specimens were prepared from extracted teeth.
After this the specimens were randomly divided into three
groups, two experimental groups and one control group. Each
group comprised 20 specimens.
The groups were formed on the basis of the root con-
ditioning agent to be used. The root surfaces of the speci-
mens in each group received the root conditioning
treatments as follows:
Group A: Control Group (n¼20): received only saline
rinsing of the root surface and no other root conditioning
treatment.
Group B: EDTA Group (n¼20): received root conditioning
treatment with 17% EDTA (Canalarge; Ammdent, Chandi-
garh, India) for 5 min.
Group C: MTAD Group (n¼20): received root conditioning
treatment with BioPure MTAD (Dentsply Tulsa Dental,
Tulsa, OK, USA) for 5 min.
The root conditioning treatment of the specimen was
done according to a ﬁxed protocol in all groups so that there
was no difference in the method of conditioning and the time
period for which the conditioning agent was in contact with
the root surface of the specimen. The conditioning agents
were applied with cotton pellets which were replaced every
30 s to ensure the uniform contact of the root surface area of
each specimen with the conditioning agent. After this the
samples were thoroughly rinsed with 5 ml of distilled water
to rid the specimens off any remaining/pooled conditioning
agent on the root surface. Washed samples were then dried
and scheduled for scanning electron microscopic evaluation.
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electron microscopic evaluation to ensure blinding with
respect to the type of irrigant used.SEM evaluation
Specimens were dehydrated with ascending concentrations
of ethyl alcohol (30–100%), and placed in a desiccator for at
least 24 h, mounted on metallic stubs, gold sputtered and
viewed under scanning electron microscope (Inca-x 50,
Oxford Instruments, England 2.0 nm@ 30 kV 5 –500000 ,).
After a general survey scan of each specimen at a magniﬁca-
tion of 250 an image of the most representative area of that
specimen was taken with 500 , 1000 and 2000 . The
images of 1000 were then analyzed for the amount of
smear layer present by three independent observers without
knowing which group they were analyzing. Evaluation was
repeated twice for the ﬁrst 10 specimens to ensure intra-
examiner consistency.
The amount of smear layer remained on the root surface
and dentinal tubules were scored according to the following
criteria used [16]:Fig. 1 – (a) Score 0¼0¼No smear layer, (b) Score 1¼Smear layer i
32% of total surface area. (c) Score 2¼Smear layer involving rand
surface area. (d) Score 3¼Smear layer involving 466% of total s0¼No smear layer (Fig. 1a)
1¼Smear layer involving random areas of surface that
totals between 1–32% of total surface area. (Fig. 1b)
2¼Smear layer involving random areas of surface that
totals between 33–65% of total surface area. (Fig. 1c)
3¼Smear layer involving466% of total surface area.
(Fig. 1d)
The data was analyzed throughMann–Whitney U-test and
comparisons were made as follows:1)nvo
om
urfComparison of all groups with the control.
2) Comparison of the experimental groups with each other.Results
The examination of the root surfaces in group A (control
group) showed the presence of a heavy smear layer through-
out the entire prepared surface of the root (Fig. 2a and b). The
examination of the root surfaces in both experimental groupslving random areas of surface that totals between 1% and
areas of surface that totals between 33% and 65% of total
ace area.
Fig. 2 – Scanning electron microscopic images of group A (control group): (a) 1000 image and (b) 2000 image.
Fig. 3 – Scanning electron microscopic images of group B (EDTA group): (a) 1000 image and (b) 2000 image.
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opened (Fig. 3a and b, Fig. 4a and b). The mean smear scores
of the samples for both experimental groups (groups B and C)
were less than those of the control group (Table 1). The
comparison of both the experimental groups with the control
group showed that the root surfaces were signiﬁcantly
cleaner in both group B and group C than in group A
(po0.001). Intergroup comparison of groups B and C showed
that the root surfaces were comparatively cleaner in group C
(where MTAD was used as root conditioning agent) than in
group B (where EDTA was used) with mean score of group C
(1.05) less than that of group B (1.65), (Table 1). However the
difference between the two results was just marginally
signiﬁcant (p¼0.04).Discussion
Regeneration of supporting tissue to tooth surfaces affected
by periodontitis has long been an ideal of periodontal ther-
apy. Periodontitis affected root surfaces are hypermineralized
and contaminated with cytotoxic and other biologically activesubstances [17]. Such surfaces are not biocompatible with
adjacent periodontal cells the proliferation of which is pivotal
for periodontal wound healing [18]. Traditional treatment of
pathologically altered root surfaces has relied on mechanical
removal of plaque, calculus, root bound toxins and contami-
nated cementum and appears to be essential for periodontal
regeneration [19]. Instrumentation of the root surface, how-
ever, results in formation of a smear layer of organic and
mineralized debris. This smear layer usually ranges from 2 to
15 μm in thickness and may serve as a physical barrier
between the periodontal tissues and the root surface inhibit-
ing the formation of new connective tissue attachment to the
root surface [4,20]. Furthermore, it is not possible to comple-
tely decontaminate the root surface by mechanical therapy
alone therefore biological modiﬁcation or conditioning of the
root surfaces is often needed to make these surfaces more
conducive to the periodontal regeneration [21].
Demineralization of root surfaces during periodontal ther-
apy has been performed to enhance regeneration of the
lost periodontal attachment. Demineralizing agents have
been shown to expose dentinal collagen, widening the ori-
ﬁces of dentinal tubules and cementum bound proteins [22].
Fig. 4 – Scanning electron microscopic images of group C (MTAD group): (a) 1000 image and (b) 2000 image.
Table 1 – Mean smear scores (7SD) for all groups.
Group Score Mean7SD
0 1 2 3
Saline (control group) 0 0 0 20 3
EDTA 3 4 10 3 1.65
MTAD 5 8 6 1 1.05
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retained toxins from the altered root surface. A number of
agents have been proposed for the demineralization proce-
dures including phosphoric acid, EDTA, citric acid, PDGF-BB,
IGF-1 and tetracycline. The present study tested an endodon-
tic irrigant MTAD (mixture of tetracycline, citric acid and
detergent) for its root conditioning ability.
MTAD (commercially available as BioPure™MTAD, Dents-
ply Tulsa Dental, Tulsa, OK, USA) was developed by Torabi-
nejad et al. [13] as a ﬁnal endodontic irrigant to disinfect the
canal and remove the smear layer. Shabahang et al. [14,23]
showed that BioPure MTAD was an effective disinfectant of
the root canal system and a combination of 1.3% NaOCl and
BioPure MTAD as a ﬁnal treatment eliminated E. faecalis from
human tooth cementum and dentin. They attributed the
effectiveness of BioPure MTAD to its anticollagenase activity,
low pH, and ability to be released gradually over time. BioPure
MTAD has been found to adsorb to hydroxyapatite with
prolonged and gradual release at therapeutic levels [24]. In
addition, presence of a detergent (Tween 80) in BioPure MTAD
reduces its surface tension and thus improves its penetration
into deep layers of dentin. In a study [24] evaluating the
antimicrobial substantivity of MTAD, chlorohexidine (CHX)
and sodium hypochlorite, BioPure MTAD showed signiﬁ-
cantly higher antimicrobial substantivity than CHX and was
retained in root canal dentin for at least 28 days. These
properties of Biopure MTAD can be useful in periodontal root
conditioning. Biopure MTAD will remove the smear layer,
show improved penetration into the root surface dentin and/
or cementum, expose the dentinal tubules, and provide
antimicrobial activity.Present study compared the root conditioning ability of
EDTA and Biopure MTAD (a ﬁnal endodontic irrigant) with
normal saline as control. Both the experimental solutions
removed the smear layer successfully from the root surfaces
and the experimental samples were signiﬁcantly cleaner than
the control group (po0.001). The results demonstrated that
the mean smear score (Table 1) for samples treated with
Biopure MTAD was lower than those treated with EDTA,
however the results were marginally statistically signiﬁcant
(p¼0.04). The cleaner root surfaces in the samples treated
with Biopure MTAD can be attributed to its low pH and
presence of detergent (tween-80) enhancing its penetration
and thus better removal of the smear layer and more
effective opening of dentinal tubules. Therefore Biopure
MTAD can be seen as a potential root conditioning agent
with effective smear layer removal from the root surfaces.
However, MTAD has antimicrobial activity, anti-collagenoly-
tic activity and the presence of polysorbate-80 (TWEEN80)
likely improves its penetration into the cementum and root
dentine and hence make it more effective than EDTA.Conclusion
Within the experimental protocol of the present study it can
be concluded that Biopure MTAD is an effective root con-
ditioning agent showing similar smear layer removing ability
when compared to EDTA. Further studies should be con-
ducted before considering the use of MTAD as a periodontal
root conditioner.
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